Background: Mitral regurgitation from chordae tendinae rupture (CTR) may cause severe clinical symptoms and is a progressive disease that eventually results in the need for mitral valve surgery. Early recognition of CTR and identification of risk factors are important because early intervention increases the chances of survival. Hypertension may increase mitral valve complex mechanical strain and cause the chordae tendinae to rupture.
M
itral regurgitation (MR), a common medical problem, rarely requires surgical intervention. 1 However, MR may be caused by more serious conditions. Rupture of chordae tendinae, first described by Corvisart in 1806, has increasingly been reported as an important cause of MR. 2, 3 Patients with this condition who were treated medically had a high mortality rate (6.3% per year). 4 Early recognition of this condition and identification of its risk factors may increase chances of survival. 4, 5 Mitral regurgitation from rupture of the chordae tendinae may cause severe clinical symptoms and is a progressive disease that results in the eventual need for mitral valve surgery. 6 It has been associated with several causes, including mitral valve prolapse, infective endocarditis, and rheumatic heart disease. Although primary rupture of the chordae tendinae (ie, rupture without any known coexisting disease) was first reported by Frothingham and Hass in 1939, 7 to our knowledge there have no reports investigating its risk factors. To do this we carried out a crosssectional study of various factors found in the medical records of patients confirmed to have rupture of the chordae tendinae by two-dimensional transthoracic echocardiographic evaluations.
Methods

Patients
The study was approved by our institutional review committee in Kaohsiung Medical University Hospital. We used a cross-sectional study design to review retrospectively the medical files of 106 patients who were first diagnosed as having rupture of the chordae tendinae and who also had undergone a two-dimensional transthoracic echocardiographic evaluation between January 1, 1987, and December 31, 2004, at Kaohsiung Medical University Hospital, located in a southern harbor city in Taiwan. Of the patients, 27 had also undergone transesophageal echocardiographic evaluation to corroborate the diagnosis. Patients were excluded if they had had previous valve surgery, congenital heart disease, or coronary artery disease that possibly predisposed them to ischemic-related chordae tendinae rupture.
Patients were classified into two groups according to the absence of known predisposing factors (primary group) or presence of known predisposing factors (secondary group). The secondary group included patients with infective endocarditis (IE), history of rheumatic heart disease (RHD), or history of mitral valve prolapse (MVP). The diagnosis of IE was based on positive blood culture and the finding of an echocardiographically proven intracardiac oscillating mass.
Hypertensive subjects were defined as those with a systolic blood pressure of Ն140 mm Hg or a diastolic blood pressure of Ն90 mm Hg or who were taking at least one antihypertensive agent. Blood pressure was measured using a conventional mercury sphygmomanometer with patients in a seated position after they had rested for at least 30 min. The measurement was calculated by averaging two measurements taken on two different visits to the clinic.
The occurrence of atrial fibrillation was required to be confirmed by electrocardiography. The diagnosis of pulmonary edema was dependent on chest x-ray finding and physical examination.
Echocardiographic Methods
The diagnosis of chordae tendinae rupture was based on the failure of leaflet coaptation, with rapid systolic movement of the involved leaflet tip in the left atrium. 8 The left atrial and left ventricular end-diastolic and end-systolic diameters were determined by transthoracic echocardiography (Ultramark 6; ALT, Bothell, WA; and HP Sonos 1000, 2500 and 5500; Hewlett-Packard, Andover, MA), based on criteria set forth by the American Society of Echocardiography. The degree of mitral regurgitation was assessed semiquantitatively on a scale of 1ϩ to 4ϩ. 9 The echocardiographic readers were blinded to the diagnosis of hypertension.
Statistical Analysis
Continuous variables were expressed as mean Ϯ SEM. The Statistical Package for the Social Sciences version 11.0 for Windows (SPSS Inc, Chicago, IL) was used for statistical analysis. The 2 test and Wilcoxon rank sum test were used to compare categorical data and nonparametric data respectively. The t test was used for analysis between continuous variables. Afterward a statistical adjustment using binary logistic regression analysis was performed. Our independent variables were sex, age, hypertension, cusp affected, left atrial dimension, and left ventricular end-diastolic and end-systolic dimensions. All tests were two-sided and the level of significance was established at P Ͻ .05.
Results
Etiology
The clinical characteristics of the 98 patients who met the inclusion criteria are shown in Table 1 . Eight patients were excluded because of uncertainty to which cusp was affected. The primary group included 68 patients (69%) without any obvious known predisposing factors. The number of subjects with chordae tendinae rupture (CTR) in the secondary group was seven with infective endocarditis (IE), 18 with mitral valve prolapse (MVP), three with IE and prior diagnosis of MVP, and two with rheumatic heart disease. In all, 38 patients (39%) had received surgical intervention, with CTR confirmed pathologically.
Age and Gender
Patients with primary rupture of chordae tendinae were older than those in the secondary group (59.9 Ϯ 1.6 v 52.1 Ϯ 3.1 years, respectively, P ϭ .029).
With regard to sex, 20 of 30 patients (67%) in the secondary group and 43 of 68 patients (63%) in the primary group were male (P ϭ .744).
Arrhythmia
Six patients were found by resting 12-lead electrocardiography to have ventricular premature beating. One patient received a permanent pacemaker because he had sick sinus syndrome, and another patient received one because he had third-degree atrioventricular block. A total of 22 patients (22%) were found to have atrial fibrillation. There was no statistically significant difference in prevalence of atrial fibrillation between the secondary and primary group (P ϭ .234).
Hypertension
Of 98 patients, 47 (48%) had developed hypertension before diagnosis of chordae tendinae rupture. The patients in the primary group had a higher prevalence of hypertension than those in the secondary group (56% v 30%, P ϭ .018). In addition 71% of hypertensive patients in the primary group and 56% of hypertensive patients in the secondary group were not receiving antihypertensive treatment at the time of CTR diagnosis. There was no statistically significant difference between the primary and secondary group in regard to the percentage of patients receiving hypertensive treatment (P ϭ .438).
Affected Leaflet and Echocardiographic Parameters
Data on leaflet affected and echocardiographic parameters are given in Table 2 . The posterior leaflet was involved in 63 patients, the anterior leaflet in 34, and both leaflets in one patient. Posterior mitral leaflet involvement was more frequent than anterior leaflet (64% v 35%, P ϭ .003). There was no statistically significant difference between the secondary and primary group with regard to prevalence of affected leaflet (P ϭ .219).
We found no statistically significant differences in fractional shortening (FS), left atrium(LA), and left ventricular (LV) end-diastolic and end-systolic diameters between the two groups. The MR was reported as grade 3ϩ or 4ϩ in 68 of the 98 patients (69%) based on color Doppler echocardiography. The average degree of MR was 3.2. The two groups showed no statistical difference in severity of MR (P ϭ .487).
Clinical Manifestations
In order of decreasing frequency, the symptoms reported were dyspnea (74%), fever (6%), chest tightness (4%), cough (3%), and palpitation (3%). Eight patients (9%) had no complaints. Patients in the primary group had a higher percentage of dyspnea than those in the secondary group (82% v 53%, P ϭ .003). Because of infective endocarditis, fever was more frequent in the secondary than in the primary group (20% v 0%, P Ͻ .001). Twelve patients (12%) had developed acute pulmonary edema at time that their chordal ruptures were diagnosed. The primary group tended to have a higher prevalence of pulmonary edema than the secondary group (16% v 3%, P ϭ .074). There was no difference between patients with and without pulmonary edema in regard to the leaflet involved (P ϭ .69) as well as in regard to LV function (FS, 41.0 Ϯ 0.9 v 44.1 Ϯ 2.4, P ϭ .32).
Binary Logistic Analysis
Our univariate analysis found only two variables to be higher in primary chordal rupture: age and history of hypertension. Our binary logistic regression analyses found the variation in the primary group to be independently explained by age (P ϭ 0.039, odds ratio ϭ 1.039, 95% confidence interval ϭ 1.002 to 1.077), and hyperten- sion (P ϭ 0.048, odds ratio ϭ 2.717, 95% confidence interval ϭ 1.008 to 7.326) ( Table 3) .
Discussion
This study is characterized by three principal findings. First, most patients with rupture of mitral chordae tendinae were male, and most cases involved the posterior mitral leaflet. Second, patients without known predisposing factors were older, were more like to have a history of hypertension, and complained more of dyspnea than those in the secondary group. Third, hypertension and age were independent predictors for primary rupture of mitral chordae tendinae in this study. Hypertension is unique in that it ultimately affects all parts of the law of Laplace equation (ie, intraventricular pressure changes), and if left ventricular hypertrophy occurs the thickness of the internal radius and wall changes. 10 The mitral valve complex of the human heart is made up of functional units that include the valve leaflets, chordae tendineae, and papillary muscles. The branching network of avascular tendinous chordae is composed of collagen and elastic fibers that transmit contractions of the papillary muscle to the valve leaflets. Hypertension increases intraventricular pressure and mitral tendinous chordae tension, which may accelerate degeneration of this mitral valve complex. In most patients with primary chordal rupture, there seems to be no cause other than increased mechanical strain. 11 However hypertension may increase mechanical strain on mitral valve complex, and patients with primary rupture of mitral chordae tnndinae frequently exhibit pathologic fibrosis of the papillary muscle. 12 Pathologic studies have also found papillary muscle tissue in hypertensive hearts to have perivascular and interstitial fibrosis. 13 Therefore dysfunction of the papillary muscle could possibly cause the chordae tendinae to stretch and ultimately to rupture. In other studies investigators have found 27% to 32% of patients with chordal rupture to be hypertensive. 4, 14 Our study found a significant association between hypertension and the development of primary chordae tendiane rupture, although further evidence is needed to confirm this association.
It has been reported that as a person ages there is an increase in the cushions of connective tissue that appear below the endocardium and there is a decrease in the cross-sectional area of the collagenous core, which together could lead to stretching and eventual rupture of the chordae. 15 Therefore aging may be associated with higher prevalence of primary chordae tendiane rupture, as found in our study.
Previous studies have mentioned that posterior mitral leaflet involvement is frequent (54% to 79%). 3, 6, 16 Although the anterior leaflet has a surface larger than the posterior leaflet, the anterior leaflet is tangential to the systolic flow whereas the posterior leaflet is perpendicular to the flow. 3 This more direct flow against the posterior mitral leaflet causes the posterior chordae to sustain greater mechanical strain, making it vulnerable to rupture. Sedransk et al have reported the marginal chordae and posterior leaflet chordae to be thinner than the basal chordae and anterior leaflet chordae; the thinness would make these chordae more vulnerable to strain and load and more prone to rupture. 17 Therefore the high incidence of rupture in the posterior marginal chordae of diseased mitral valves may be due to an inherent weakness in these chordae. Our data did indeed find the posterior leaflet to be involved in 64% of our patients with ruptured chordae tendinae.
Portugese et al have reported pulmonary edema to be frequent in primary chordae tendinae rupture, although we found its occurrence to be only a trend (16% v 3%, P ϭ .074).
3 Dyspnea was a frequent complaint (74%) in our series, especially in patients with primary ruptures (82% v 53%, P ϭ .003). Short symptomatic histories of acute mitral regurgitation have been reported as rare, occurring in only 4% of patients in either the primary or secondary groups undergoing mitral valve surgery. 6 Our study population was a heterogenous group that included patients with acute and chronic mitral regurgitation, and they may have had a different prevalence of dyspnea than patients in the surgery series. Because some of our patients were asymptomatic, CTR may have occurred with minor hemodynamic impact, probably related to involvement of secondary chordae tendinae. Also rupture of chordae tendinae can be an incidental echocardiographic finding in clinically stable, oligo-symptomatic, or even asymptomatic patients with myxomatous degeneration and mitral valve prolapse associated with compensated chronic mitral regurgitation. 18 This may explain why patients in the sec- Abbreviations as in Table 2 .
ondary group had a lower percentage of dyspnea in our study. Such ruptures should be treated as early as possible, because mitral regurgitation caused by ruptured chordae is a progressive disease and carries a high risk of left ventricular dysfunction. 4, 6 Ling et al reported that when treated medically, chordae tendinae rupture-induced chronic mitral regurgitation was associated with excess mortality and high morbidity. Surgery, which is almost unavoidable within 10 years from the diagnosis, has been associated with an improved prognosis, 4 and early use of surgery has been suggested. Of course it would be better if the disease were prevented altogether. In our study, patients in the primary chordae tendinae rupture group had a higher prevalence of hypertension than patients in the secondary group, possibly indicating that hypertension may play an important role in the development of primary chordae tendinae rupture. If so, treatment of hypertension would be beneficial to the mitral valve.
There are several limitations to this study. First, this is a cross-sectional investigation that establishes an association between hypertension and primary chordae tendinae rupture but not causality. Thus increasing blood pressure may not be the direct cause of the primary chordae tendinae rupture but merely a surrogate marker of some other as yet undiscovered risk factor. Therefore the conclusions of this study must be regarded as preliminary. Second, left ventricular ejection fraction was not routinely measured according to the modified Simpson method with echocardiography. Only fractional shortening was used as an index of left ventricular function, which may have caused some bias. However regional wall motion abnormality, which influences the accuracy in estimation of left ventricular function by fractional shortening, is usually found in patients with coronary artery disease, who were excluded in our study. Third, we cannot exclude a mild form of myxomatous disease in primary CTR at earlier stages of the study. Because of the poor definition of the images taken with older equipment and transducers, we may have overlooked some instances of this disease. Fourth, because height and weight data were not collected for every patient, we had no data on left ventricular mass index, which is associated with hypertension and is known to be an independent predictor of cardiovascular events. Finally, our investigation involves a comparatively small number of patients. Investigations in larger patient cohorts may identify further factors associated with primary chordae tendinae rupture.
In conclusion, this study associates hypertension with primary chordae tendinae rupture. Because it was observed independently of other baseline characteristics, we think that hypertension should be considered a risk factor for primary chordae tendinae rupture. Our preliminary result may potentially provide new insight for further design to study the causality between hypertension and primary rupture of mitral chordae tendinae.
